The antioxidant capacity, total phenolics, flavonoids, and condensed tannin contents of Ajuga iva leaf extracts obtained with different solvent polarities were investigated. The antibacterial and antifungal proprieties were also studied using different microorganisms. The methanol extract with the highest amounts of total phenolics and flavonoids showed the highest antioxidant activities in all assays, followed by the aqueous chloroform and hexane extracts, respectively. The methanol extracts of Ajuga iva exhibited promising antibacterial and antifungal activities, indicating that Ajuga iva leaves might be used in further investigations for developing new antioxidants.
INTRODUCTION
The natural occurrence of bioactive materials in plants warrants basic research as it suggests the possibility of its exploitation in the medicinal field and/or pest management. Additionally, the knowledge of the structure of bioactive chemicals makes the synthesis of similar or related derivatives quite possible, taking into consideration that the synthesis of anthropogenics without guidance is tedious and requires further investigation. Indeed, numerous herbs and spices are chemically unknown and may be dangerous for health. At the same time, others that are not yet used in folk medicine may be potentially interesting.
Much attention has been focused on herbs and spices as sources of drugs. [1, 2] Tunisian flora is very rich and many species have been used traditionally for the treatment of several diseases without any scientific background. Ajuga iva L. (Lamiaceae), known as "Chendgoura," in Tunisia, is an herbaceous plant widely used as an aromatic plant and in phytotherapy. The extract of this plant is traditionally used as a diuretic, cardiac tonic, hypoglycemic, or as a cure for fever and sore throat. [3] [4] [5] [6] Moreover, it has been reported that Ajuga extract exhibits a high stimulating effect on protein synthesis in animals. [7] The history of drug discovery shows that plants are highly rich sources in the search for new active compounds and they have become a challenge to the modern pharmaceutical industry. Many synthetic drugs take their origin from plants based on modern medicine. Reviewing literature on this subject, several bioactive chemicals are isolated from various species of Ajuga grown in various parts of the world. [7] However, the phytochemistry of Ajuga iva grown in Tunisia has not yet been studied. Since taxonomy and environmental conditions can play a significant role in the variations of plant constituents, it was deemed relevant to investigate this plant as a source of bioactive material that may have a useful application. The search in this field included the identification of the principal constituents, antioxidant and antimicrobial activities of the plant.
MATERIALS AND METHODS

Plant Materials Extract Preparation
The whole fresh plant material was collected locally from Sidi Bouzid area and identified as Angiospermae, belonging to the Lamiales order and the Lamiaceae family. Leaves were washed under running water, air dried in the shade, ground into small pieces, and stored at 4 • C prior to use. The entire powdered plant leaf was suspended, homogenized, and extracted sequentially (by a maceration method) by adding solvents of increasing polarity: hexane, chloroform, methanol, and water at ambient temperature ( Fig. 1 ). The protocol was repeated three times with fresh solvent each time, and the combined filtered extract was concentrated to dryness with a rotary evaporator at 40 • C
Determination of Total Phenolic Content
Extract phenolic content was estimated by the method of Taga et al. [8] A 100-µl aliquot of each sample was mixed with 2.0 ml of Na 2 CO 3 (2%) and allowed to stand for 2 min at room temperature. After incubation, 100 µl of (50%) Folin-Ciocalteau's phenol reagent were added, then mixed thoroughly, and allowed to stand in the dark for 30 min at room temperature. Absorbance was measured at 720 nm using a spectrophotometer (Jenway UV-6305, Essex, England). Gallic acid monohydrate was used as standard to the calibration curve. Total phenolic content was expressed as mg gallic acid equivalent (GAE) g −1 extract.
Determination of Total Flavonoid Content
Flavonoid content was determined according to the method of Zhishen et al. [9] An aliquot (250 µl) of each extract or standard solution was mixed with 1.25 ml of dd H 2 O and 75 µl of 5% NaNO 2 solution. After 6 min, 150 µl of 10% AlCl 3 solution were added; 5 min later, 0.5 ml of NaOH (1 M) solution was added and then the total volume was made up to 2.5 ml with dd H 2 O. The mixture absorbance was then measured at 510 nm. Total flavonoid content was expressed as mg quercetin equivalent g −1 extract.
Determination of Condensed Tannin Content
Condensed tannins were determined according to the method of Julkunen-Titto. [10] An aliquot (50 µl) of each extract or standard solution was mixed with 1.5 ml of 4% vanillin (prepared with MeOH), then 750 µl of HCl (12 M) were added. The well-mixed solution was incubated in the dark at ambient temperature for 20 min. The absorbance against blank was read at 500 nm. Catechin was used to make the standard curve (0.05-0.5 mg/ml; y = 0.5825x; R 2 = 0.9277, where y is the absorbance and x is the standard concentration). The results were expressed as mg catechin equivalents CE/g extract.
Determination of DPPH Radical Scavenging Activity
The scavenging effects of crude methanol extract and fractions were determined by the method of Yen and Chen. [11] A volume of 2.0 ml of 0.16 mM DPPH solution was added to 2.0 ml of each sample. The mixture was vortexed for 1 min and kept in the dark at room temperature for 30 min. The absorbance of each sample was measured at 517 nm. The scavenging effect expressed as (%) was calculated using the formula given by Duan et al.: [12] Scavenging effect
where the A control is the absorbance of the control (DPPH solution without sample), the A sample is the absorbance of the test sample (DPPH solution plus test sample), and the A sample blank is the absorbance of the sample only (sample without DPPH solution).
Determination of Ferric-Reducing Activity
The extracts reducing power were determined by the method of Yildirim et al. [13] Sample solutions (0.5 mL) containing different concentrations (25-200 µg mL −1 ) of dried extracts were mixed with 1.25 mL of 0.2 mol L −1 phosphate buffer (pH 6.6) and 1.25 mL of 10 g L −1 K 3 [Fe(CN) 6 ] solution. The mixtures were incubated at 50 • C for 30 min. After incubation, 1.25 mL of 100 g L −1 trichloroacetic acid (TCA) was added and the reaction mixtures were centrifuged for 10 min at 3000× g. A 1.25-mL aliquot of the supernatant from each sample mixture was mixed with 1.25 mL of distilled water and 0.25 mL of 1 g L −1 FeCl 3 solution in a test tube. After a 10-min reaction time, the absorbance was measured at 700 nm. Higher reaction mixture absorbance indicated higher reducing power.
Total Antioxidant Activity
Total antioxidant activity was determined according to the method of Prieto et al. [14] An amount of 0.3 ml of each sample was mixed with 3 ml reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate, v/v/v). Reaction mixture was incubated at 95 • C for 90 min. Absorbance was measured at 695 nm. Total antioxidant activity is expressed as the number of equivalents of a-tocopherol.
Antibacterial and Antifungal Activities
The antimicrobial activity of various extracts (30 mg/ml) was tested by agar diffusion method. [15] The plates inoculated with different microorganisms were incubated at 37 • C for bacteria (Bacillus cereus, Echerichia coli, Pseudomonas aeruginosa, Staphylococcus aureus) or 30 • C for fungi (Aspergillus clavatus, Aspergillus niger, Fusarium) for 24 and 72 h, respectively. The diameter of any resultant zone of inhibition was measured. Ampicillin and Rifamycin (30 mg/ml) were taken as standards for antibacterial and antifungal activities, respectively.
RESULTS AND DISCUSSION
Determination of Total Phenolic Content
In the present study, phenolic contents of Ajuga iva extracts have been reported for the first time. The extraction yield of these samples varied from 1.20 ± 0.30% to 15.00 ± 1.70% with a decreasing order of methanol > aqueous > hexane > chloroform fraction. So the extractions with methanol and water resulted in the highest amount of total extractable compounds, whereas the extraction yield with hexane and chloroform was significantly less in comparison with that of the other solvents. Phenolics or polyphenols as secondary metabolites in plants are very important by virtue of their antioxidant activity by chelating redox-active metal ions, inactivating lipid free radical chains and preventing hydroperoxide conversions into reactive oxyradicals. Table 1 summarizes the total phenolic compounds in fractions expressed as gallic acid equivalents (GAE), varying between 2.52 ± 0.80 mg and 25.69 ± 2.60 mg/g extract. The methanolic extract exhibited the highest total phenolic contents, whereas the contents obtained with chloroform were much smaller, which is in agreement with previous reports, [16] [17] [18] which proved that methanol is the most suitable solvent for the extraction of phenolic compounds. In addition, water has been reported to be a suitable solvent for the extraction of these compounds. [19] 
Determination of Total Flavonoid Content
The analysis showed that methanolic extract was the major flavonoids extract (3 mg quercitine/g extract). Flavonoids, which are a very interesting class ubiquitously found in some fruits, as well as in tea and red wine, [20] have versatile biological effects, such as anticancer, antiallergy, and antioxidant activities. [21] 
Determination of Condensed Tannin Content
Results showed that Ajuga iva leaf extract contained condensed tannins (ranging from 6.00 ± 0.40 to 19.60 ± 2.90), which are expressed as mg of catechin equivalents per gram of extract (Table 1) . Tannins are secondary compounds of various chemical structures widely occurring in the plant kingdom and are generally divided into hydrolyzable and condensed tannins. [22] The condensed tannin is located mainly in the seed hulls and plays an important role in the defense system of seeds that are exposed to oxidative damage by many environmental factors, such as light, oxygen, free radicals, and metal ions. [23] 
Determination of DPPH Radical Scavenging Activity
The free radical, DPPH, possesses a specific absorption at 517 nm, which decreases significantly on exposure to radical scavengers (by providing hydrogen atom or electron donation). A lower absorbance at 517 nm indicates a higher radical-scavenging activity of the extract. Free radical-scavenging is one of the known mechanisms by which antioxidants inhibit lipid oxidation. This test is a standard assay in antioxidant activity studies and offers a rapid technique for screening the radical-scavenging ability of specific compounds or extracts. [24] Figure 2 shows that the DPPH radical scavenging ability of samples can be ranked as methanol > water > chloroform > hexane fractions. The observed differential scavenging activities of the extracts against the DPPH system could be due to the presence of different compounds in the fractions. Butylated hydroxyanisole (BHA) is a strong synthetic antioxidant. Therefore, in our study, Ajuga iva extracts showed important activities close to those of BHA. The scavenging effects of Ajuga iva extract on DPPH radicals increased with the increasing concentrations of the extract (Fig. 2) .
Determination of Ferric-Reducing Activity
An important mechanism of antioxidant activity is the ability to chelate/deactivate transition metals that possess the ability to catalyze hydro peroxide decomposition and Fenton-type reactions. Therefore, it was essential to screen the iron (II) chelating ability of the extracts. [25] The metal chelating effect of Ajuga iva extract was also dose dependent. The sequence for chelating power was methanol > aqueous > chloroform > hexane fractions (Fig. 3) . The iron chelating data measured at different concentrations (25-200 µg/ml) suggested that the ferrous ion chelating effects of all the fractions of Ajuga iva would be somewhat beneficial to protect against oxidative damage. Iron is essential to nearly all known organisms; however, excessive iron can be toxic, because free ferrous ions react with peroxides to produce free radicals, which can damage some biological molecules, such as DNA, proteins, lipids, and other cellular components. The metal chelating activity of Ajuga iva could be beneficial to health. Allhorn et al. [26] recently reported that reducing property can be a novel antioxidation defense mechanism; this may be through the ability of the antioxidant compound to reduce transition metals. Reduced metals (such as Fe (II) or Cu (I)) rapidly react with lipid hydroperoxides, leading to the formation of reactive lipid radicals and the conversion of the reduced metal to its oxidized form. [27] Total Antioxidant Activity
The total antioxidant capacities of the plant extracts were determined according to the method of Prieto et al., [14] a simple, speedy, inexpensive, and reproducible method, which can be applied in the assay of antioxidants in plasma or botanicals. Comparing all the extracts, the total antioxidant activity indicated an extremely large difference. Figure 4 shows that the antioxidant activities of the samples can be ranked as methanol > water > chloroform > hexane fractions. The observed differential antioxidant activities of the extracts could be due to the presence of different compounds in the fractions. BHA is a strong synthetic antioxidant. Therefore, in our study, methanol extract of Ajuga iva showed an important activity close to that of BHA.
Antibacterial and Antifungal Activities
The antimicrobial effect of the methanolic and aqueous extracts of Ajuga iva were tested against species of Gram-positive and Gram-negative bacteria and other species of fungi. As summarized in Table 2 , the inhibition zones of the methanolic extract of Ajuga iva, which were obtained against all test bacteria were in the range of 05-27 mm and 10-18 mm for tested fungi. On one hand, the highest inhibitory activity was determined against E. coli and Fusarium. On the other hand, the weakest inhibitory activity was determined against P. aeruginosa and A. niger. Since plant phenolic compounds have been found to be responsible for several biological properties, including antimicrobial properties, [28] [29] [30] [31] it was expected that the antimicrobial activity of Ajuga iva extracts would be related to its phenolic compounds. Flavonoids are phenolic structures containing one carbonyl group. Since they are known to be synthesized by plants in response to microbial infection, [32] it should not be surprising that they have been found in vitro to be effective antimicrobial substances against a wide array of microorganisms. Their activity is probably due to their ability to complex with extracellular and soluble proteins and to complex with bacterial cell walls. [33] More lipophilic flavonoids may also disrupt microbial membranes. [34] 
CONCLUSION
The phenolic and flavonoid contents as antioxidant and antimicrobial agents present two main characteristics: the first is their natural origin, which means more safety to the people and the environment; the second is that they have been considered to be low risk for resistance development by pathogenic microorganisms. The methanolic extract of Ajuga iva possesses important antioxidant and antimicrobial activities. According to our results, the methanolic extract of Ajuga iva may be suggested as a new potential source of a natural antioxidant and antimicrobial molecule.
